Recent progress in understanding the phylogeny of the economically important plant family Solanaceae makes this an ideal time to develop models for linking the new data on plant genomics with the huge diversity of naturally occurring species in the family. Phylogenetics provides the framework with which to investigate these linkages but, critically, good species-level descriptive resources for the Solanaceae community are currently missing. Phylogeny in the family as a whole is briefly reviewed, and the new NSF Planetary Biodiversity Inventories project 'PBI: Solanum -a worldwide treatment' is described. The aims of this project are to provide species-level information across the global scope of the genus Solanum and to make this available over the Internet. The project is in its infancy, but will make available nomenclatural information, descriptions, keys and illustrative material for all of the approximately 1500 species of Solanum. With this project, the opportunity of linking valid, up-to-date taxonomic information about wild species of Solanum with the genomic information being generated about the economically important species of the genus (potato, tomato and eggplant) can be realized. The phylogenetic framework in which the PBI project is set is also of enormous potential benefit to other workers on Solanum. The community of biologists working with Solanaceae has a unique opportunity to effectively link genomics and taxonomy for better understanding of this important family, taking plant biology to a new level for the next century.
Introduction
Among angiosperm families, the Solanaceae rank as one of the most important to human beings. Species of the family are used for food (e.g. Solanum tuberosum L., the potato; S. lycopersicum L., the tomato; S. melongena L., the eggplant), drugs (e.g. Nicotiana tabacum L. and N. rustica L., tobacco; Atropa belladonna L., deadly nightshade; Mandragora officinarum L., mandrake; Duboisia spp., sources of commercial alkaloids) and as ornamentals (e.g. Petunia hybrida hort., petunia;
Salpiglossis sinuata Ruiz & Pavón, velvet tongue; Schizanthus pinnatus Ruiz & Pavón, butterfly flower: Figure 1A ). The family is a medium-sized one with approximately 90 genera and 3000-4000 species, almost of half of which are in the large and diverse genus Solanum. This hyperdiversity in one genus is unusual in angiosperms, making Solanum interesting from an evolutionary standpoint as well as for its usefulness to humans. Members of the Solanaceae are extremely diverse; in terms of habit, ranging from trees to small annual herbs; in habitat, from deserts to the wettest tropical rain forests;
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and in morphology, with astounding variation in many characters of both flowers and fruits (see Figure 1A -D; for more photographs of morphological variation in the Solanaceae, see [14] [15] [16] ). Both generic and species level diversity in the family is concentrated in the Andes of South America, and the family has a classic Gondwanan distribution [24] . The last complete taxonomic treatment at the species level for the entire family was made over a century ago [5] and since then work has been concentrated in smaller generic level groups or in regional floristic treatments.
What is taxonomy?
Taxonomy is critical to the study of biodiversity [7] , and thus it is worth taking the space here to describe just what taxonomy is for those who perhaps do not use it often in their day-to-day work. Some people define taxonomy and systematics as two completely separate aspects of the science, but we prefer to focus on what we consider the three essential components of the science. With that in mind, we will use the two terms interchangeably, but will focus on just what the science is and, more importantly, how its application to the family Solanaceae can help link genomics with biodiversity.
Taxonomy can be thought of as three interlocking spheres of endeavour -description, identification and phylogeny. Each one of these components is enriched by the other two and without all three the science is incomplete. Phylogeny is the study of the interrelationships of organisms -how species, genera and families are related to one another. We know that all of life is related in some way; phylogeny is the assembly of the tree of life. Today, phylogeny is done using the principles of cladistics, first laid out by the German biologist Willi Hennig ([11] ; see also other references). Hennig's methodology involves using shared, derived characteristics (synapomorphies) to group species into monophyletic clades, sets of taxa all descended from a common ancestor. That lions and humans share a backbone, four limbs and fur unites the two in a clade, an inclusive group. It does not imply that humans have descended from lions, or vice versa -it only states that lions and humans share characters not shared with fish, for example, or insects. Characters can be physical characteristics of the organism, such as feathers, fur or flower colour, or can be a sequence of bases in DNA. Today, much phylogeny is done using these latter molecular characters. A phylogenetic tree is a pictoral depiction of nested sets of shared characteristics and is a powerful framework for interpretation of patterns in nature [4, 22] . It is not, however, the last word. Each phylogeny is a hypothesis about the relationships of the organism under study, and taxonomists use what Hennig called 'reciprocal illumination' to solve problems and investigate apparent conflicts further [13] . More data or a different interpretation of the same data can cause us to modify the hypothesis, and thus our ideas of how organisms are related. The construction of phylogenetic trees for many groups of organisms has revolutionized the field of systematics and has led to new interpretations of how groups are related, as well as making character analysis possible in an evolutionary framework.
Phylogenetic work in the Solanaceae
Recent work using a variety of datasets derived from plastid DNA [6, [18] [19] [20] has revealed interesting phylogenetic patterns in the Solanaceae. For example, Nicotiana (the tobaccos) and the members of an endemic Australian tribe, the Anthocercidae, were shown to form a well-supported group within a larger monophyletic clade of taxa whose base chromosome number is x = 12 [20] . The two groups had not been thought closely related previously, and both of the groups in the 'x = 12 clade' had been considered to belong to different subfamilies. Mapping morphological characters such as flower shape (zygomorphic vs. actinomorphic) or fruit type (berries vs. capsules) onto a phylogeny derived from molecular characters (see Figure 2 ; [15, 16, 20] ) can reveal questions of interest to the study of evolution and development or to ecology. Zygomorphic flowers have apparently evolved several times independently in different clades of the family and zygomorphy appears to be whorl-specific. This leads to the questions: do the same genes control these transitions, and how do they operate in the family? Work with Petunia and Schizanthus is beginning to unravel the answers to some of these questions ( [3, 17, 25] ; Karine Coenen, personal communication), but a phylogenetic framework is critical to the framing of future large-scale hypotheses. As another example, the possession of baccate fruit (fleshy berries) appears to be a synapomorphy of a large monophyletic clade that includes the familiar tomatoes and eggplants. But using the phylogenetic framework reveals that there is homoplasy (parallel evolution or reversal) in both fleshy berries (found in Cestrum and Duboisia of the Anthocercis clade) in the largely capsular-fruited group and in the possession of dehiscent fruits (e.g. Hyoscyamus clade, Datura) in members of the berry-fruited clade. Could ecological factors be important in this pattern? Only by considering characters in a phylogenetic framework can we formulate such questions. Looking at several characters mapped onto the molecular phylogeny (see Figure 2) , we can see that Solanaceae are truly 'paradoxical plants' [10] ; the basal clades contain species of annual habit with strongly zygomorphic flowers, exactly the opposite to the 'trends' in the rest of the angiosperms [23] .
The two other faces of taxonomy are just as important as phylogeny, but have slightly different products. Identification is perhaps the easiest to see as being of immediately practical use -it is obviously critical to be able to identify the organisms of interest in order to construct a phylogeny, or to sequence the same species in two different experiments, or to use the same species for breeding purposes. Reliable identification is one of the things that make biology repeatable. Identification also plays a critical role in ecological studies and in conservation. We can only discover if biodiversity is in decline if we can reliably identify its components over and over again, allowing monitoring to determine trends.
The PBI: Solanum project
Underpinning both phylogeny and identification is description, the Cinderella of the world of taxonomy and systematics. Description is what many people would call taxonomy -the naming of species. Giving things names allows we humans to talk about them, but description in the taxonomic sense is much more than just the coining of a new name. A good taxonomic description is just that, a description of the organism -what it looks like, where it lives, sometimes even the base sequence of portions of its DNA, and perhaps, in the future, its entire genome. The characters used in both phylogeny and identification are parts of a description and are every bit as important as the name itself. In fact, the name is really just a shorthand way of accessing the information contained in the description itself, just as a person's name is easier to use than repeating a physical description each time one wants to refer to an individual. As mentioned earlier, the last complete descriptive taxonomic treatment of the family Solanaceae was done in the nineteenth century, using the techniques of that century. Today, we have the power of the Internet at our disposal, providing new opportunities and challenges (see [8] ).
Through the Planetary Biodiversity Inventories programme, the National Science Foundation of the USA (NSF) is providing funds for the completion of digital, Internet-available descriptive monographs of key groups (see http://www.nsf.gov/bio/ pubs/awards/pbify03.htm and http://clade. acnatsci.org/allcatfish/ACSI/idx pages/PBI index.html). One of the groups selected is the genus Solanum, representing approximately half of the species diversity of the family Solanaceae. The project 'PBI Solanum: a worldwide treatment' has three broad objectives: (a) to provide a global species-level taxonomic treatment for Solanum; (b) to make this treatment, with specimens, descriptions, keys and illustrative material, available on the Internet; and (c) to link the taxonomy of wild species with emerging genomics datasets. The project began in January 2004 and will ultimately include descriptions of all of the approximately 1500 species of wild solanums, including the relatives of the tomato (S. lycopersicum), potato (S. tuberosum) and eggplant (S. melongena) and a host of other minor crops and their relatives (see [10] for some of these emerging crops). This programme, coupled with the newly proposed International Solanaceae Genome Project (SOL; see http://www.sgn.cornell.edu), gives biologists working with the Solanaceae, and more specifically with Solanum, the unique opportunity to truly bring plant biology to a new level. The first of two big questions posed in the recent Solanaceae 'White Paper' (see the Solanaceae Genomics Network site at http://www.sgn.cornell. edu/solanaceaeproject/), 'How can a common set of genes/proteins give rise to a wide range of morphologically and ecologically distinct organisms that occupy our planet?', can only begin to be Figure 2 . A phylogenetic tree of the Solanaceae based largely upon molecular data [5, 18] , showing the distribution of a selection of morphological characters in the family. This diagram is only a heuristic tool for exploring these distributions and should not be taken as the phylogeny of the family. Those interested in the details of the analyses are referred to the original literature. Genera belonging to each of the clades used here can be found in Table 2 of Knapp [16] . Dotted lines indicate the monophyletic group possessing baccate fruits (berries); clades with solid lines are those with capsular fruits. Homoplasy (see text) in possession of berries (Cestrum, Duboisia of the Anthocercis clade) is indicated with dotted arrows, while putative parallel evolution of dehiscent fruits (e.g. Hyoscyamus clade, Datura, some species of Solanum, Oryctes of the Physalis clade. etc.) is indicated with solid arrows (see [16] for further details of both fruit types and clade composition). Clades filled with grey are those with zygomorphic flowers and those ringed in black are those where the predominant growth form is annual answered by bringing together the forces of taxonomy, in all three of its faces, and genomics.
How can we bring these two very different worlds together? One obvious first step is to construct the descriptions that will be available for the PBI: Solanum project so that they can be searched using the emerging plant ontologies, or controlled vocabularies, enabling effective connection between these databases and quite disparate datasets [2, 12] . We will also need to modify and expand these ontologies in order to encompass the full range of character diversity within Solanum. One can envisage, as a starting point, completing the circle in Figure 3 as a way of connecting data from genomics and biodiversity through the information-rich datasets of specimens and associated images generated by descriptive taxonomy. Another step is to connect the Solanaceae systematics and genomics communities by linking information and tools and establishing collaborative relationships to achieve a synergistic view of all aspects of Solanaceae biology.
One critical element for connecting these datasets in the future will be the preservation of voucher Linking taxonomy with genomics through description and specimens. Not all the elements of the two data types are included here; each synonym of an accepted name will have similar sets of data types associated with it. One critically important relationship seen here is that sequences and images are attached to specimens (individual plants), not to species names. The need for formal deposition of voucher specimens becomes clear when these relationships are examined closely. The description connected to the species name is based on the individual taxonomist's opinion of that species delimitation -specimens provide the validation of that opinion and are critical to maintaining data standards specimens for sequencing and for genetic analysis. A sequence of DNA does not belong to a species, it belongs to an individual (or at best a population); thus, for repeatability, voucher specimens should be made and deposited in publicly available collections (herbaria or museums). The lack of voucher specimens for what is a rather alarming amount of molecular work is at best sloppy science, but at worst positively dangerous (see examples in [21] ). The data held in GenBank, while extremely useful, should be viewed with caution [9] unless accompanied by voucher specimen deposition information -'most specimen data in GenBank are not congruent with potential repeatability of experiments' [21] . The specimen databases that will be made available through the Solanum PBI project will enable others to access this voucher information, will provide the impetus for voucher specimens to be routinely collected as part of both traditional and molecular work on the family. The PBI: Solanum project itself will bring together a cohort of experts skilled in specimen identification and curation as a resource for both the taxonomic and genomics communities, and will stimulate training in those traditional skills increasingly being seen as necessary for rigorous work in both fields. That the PBI: Solanum project will be set in a rigorous phylogenetic framework (see [1] ) will strengthen and enhance the synergies created by linking these two fields and, we hope, will stimulate new approaches to the study of biodiversity in all its aspects. Linking the traditions of museum science with those of the rapidly growing science of genomics will be the beginning of the real conversation between genomics and biodiversity -which will ultimately be of benefit to all, and will allow us to begin to answer the really big questions about life on Earth.
